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Background/Aims: The purpose of this study was to investigate the expression of 
urokinase-type plasminogen activator (uPA), uPA receptor (uPAR), and plasmino- 
gen activator inhibitor (PAI)-i on podocytes in immunoglobulin A (IgA) glomeru- 
lonephritis (GN). 

Methods: Renal biopsy specimens from 52 IgA GN patients were deparaffmized 
and subjected to immunohistochemical staining for uPA, PAI-i, and uPAR. The 
biopsies were classified into three groups according to the expression of uPA and 
uPAR on podocytes: uPA, uPAR, and a negative group. The prevalences of the vari- 
ables of the Oxford classification for IgA GN were compared among the groups. 
Results: On podocytes, uPA was positive in 11 cases and uPAR was positive in 38 
cases; by contrast, PAI-i was negative in all cases. Expression of both uPA and 
uPAR on podocytes was less frequently accompanied by tubulointerstitial fibrosis. 
Conclusions: Our results suggest a possible protective effect of podocyte uPA/ 
uPAR expression against interstitial fibrosis. 

Keywords: Glomerulonephritis, IGA; Plasminogen activator inhibitor 1; Uroki- 
nase-type plasminogen activator; Receptors, urokinase plasminogen activator 



INTRODUCTION 

The conversion of plasminogen to plasmin is known 
to be a key event in many physiological and patholog- 
ical processes requiring regulated extracellular pro- 
teolysis [1,2]. Evidence that urokinase-type plasmino- 
gen activator (uPA) -mediated plasminogen activation 
plays a significant role in cell surface proteolysis has 
emerged as a strong foundation for the demonstration 
of a specific cellular receptor for uPA on monocytes 
[3], many types of cultured cells [4], and various cancer 
cells [5]. 

Plasminogen activator inhibitor-i (PAI-i) is a serine 
protease whose primary physiological role is regula- 



tion of uPA and tissue-type plasminogen activator (t- 
PA). However, PAI-i possesses various other functions 
in addition to its role in thrombosis and/or fibrinoly- 
sis [2]. 

The kidney is a unique organ, producing a large 
amount of uPA. However, the physiological role of uPA 
in the kidney has not been defined. During the last 
several years, the possible roles of uPA in the develop- 
ment of glomerulopathy have emerged, specifically in 
the development of albuminuria [6] and mesangial cell 
survival/apoptosis [7] and the inflammation-fibrosis 
process in glomeruli [8]. Lorenzen et al. [9] reported 
that the treatment of podocytes with osteopontin in- 
creases uPA and matrix metalloproteinase expression, 
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increasing podocyte motility, and causing albumin- 
uria. In addition, many investigators have proposed 
that renal uPA receptor (uPAR) attenuates the fibro- 
genic response to renal injury [10-12], suggesting that 
uPA/uPAR is an essential element with a decisive effect 
on the pathogenesis of glomerulonephritis (GN). How- 
ever, most of these previous reports are based on in vi- 
tro or animal experiments. Therefore, the role of uPA 
in the progression of chronic glomerulonephritis is 
unclear in humans because of a lack of clinical evi- 
dence. 

This study was designed to evaluate the association 
of uPA/uPAR/PAI-i expression with glomerular pa- 
thology in immunoglobulin A (IgA) GN. 

METHODS 

Fifty- two renal biopsy specimens of IgA GN were ob- 
tained from a study population comprising 22 females 
and 30 males with an age distribution of 14 to 78 years 
(mean age, 35.3 years). All of the renal biopsies were 
performed in the Department of Pathology at Soon- 
chunhyang University Cheonan Hospital between May 
2010 and October 2011. Pathology slides were prepared 
from the stored paraffin-embedded specimens and 
reviewed in each case to confirm the original diagno- 
sis of IgA GN. Clinical information such as age, sex, 
antihypertensive medication, and laboratory data was 
obtained from the medical records. 

Immunohistochemical staining for uPA, PAI-i, and 
uPAR was performed. Tissue sections were deparaffm- 
ized, rehydrated, and heated in 0.1 M citrate buffer in a 
microwave for 20 minutes. After washing with dis- 
tilled water, sections were treated with proteinase K 
(DAKO, Glostrup, Denmark) at room temperature for 
10 minutes. Immunochemistry was performed in an 
autoimmunostainer (Bond Polymer Refine Kit, Leica, 
Bannockburn, IL, USA) by using a rabbit polyclonal 
uPA antibody (NBP1-19735) and a PAI-i antibody 
(NBP1-19773) (Novus Biologicals, Littleton, CO, USA). 
Peroxidase activity was imaged using a Chromogen 
DAB Kit (Leica) for 10 minutes. For uPAR, deparaffln- 
ized sections were incubated with a primary mouse 
monoclonal uPAR antibody diluted 1:500 in antibody 
diluent (DAKO). Peroxidase activity was imaged using 



the liquid DAB Substrate- Chromogen kit (K1497) for 
10 minutes. 

Immunostained slides were evaluated by two inde- 
pendent pathologists. Expression levels in the immu- 
nostained specimens were evaluated based on histo- 
logical subgroups, including podocytes, mesangium, 
proximal tubules, distal tubules, collecting ducts, 
damaged tubules, interstitium, and inflammatory 
cells. A semiquantitative assessment of uPA, uPAR, 
and PAI-i expression was carried out according to the 
following criteria: o (no positive staining in cells), 1 (up 
to 25%), 2 (26% to 50%), and 3 (> 50%). 

Enzyme-linked immunosorbent assay 

uPA and PAI-i concentrations in stored serum samples 
were measured by enzyme-linked immunosorbent 
assay (ELISA) with the Human Urokinase Plasmin- 
ogen Activator Activity ELISA Kit (Cell Sciences Inc., 
Canton, MA, USA) and a Human PAI-i Activity ELISA 
Kit (Cell Sciences Inc.), respectively, according to the 
manufacturer's instructions. 

Analysis 

The biopsies were classified into three groups accord- 
ing to the expression of uPA and uPAR on podocytes: 
uPA, uPAR, and a negative group. When uPA expres- 
sion was positive, uPAR was also positive in all cases 
without exception (uPA group). Biopsies that were pos- 
itive for uPAR but not uPA were classified as the uPAR 
group. In the negative group, neither uPA nor uPAR 
was positive. 

Proteinuria and serum creatinine levels were com- 
pared among the groups. In addition, the prevalences 
of the variables of the Oxford classification for IgA GN 
were compared among the groups [13]. 

Statistical analysis 

Statistical analyses were conducted using the SPSS 
software package version 14 (SPSS Inc., Chicago, IL, 
USA). Continuous variables are presented as means ± 
SD, and categorical variables are presented as frequen- 
cies (in percent). Differences between the groups were 
compared using Student t test for continuous variables 
and the chi-square test or Fisher exact test for cate- 
gorical variables. Results were considered statistically 
significant when the p value was less than 0.05. 
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RESULTS 

Of the 52 patients, seven had a drug history of angio- 
tensin II- converting enzyme inhibitor or angiotensin 
receptor blocker prescription for more than 1 month 
before biopsy (perindopril, one patient; losartan, two 
patients; valsartan, three patients; and telmisartan, 
one patient). Table 1 shows the baseline laboratory re- 
sults for all patients. 

The uPA was positive in the podocytes of 11 patients 
and uPAR was positive in 38 patients. The intensity of 



uPA and/or uPAR on the podocytes was 1+ in all cases. 
Therefore, the results for uPA and uPAR staining were 
reported as positive or negative. All the uPA-positive 
specimens were also positive for uPAR (uPA group, 11 
cases). In some cases, podocytes were positive for uPAR 
but not uPA (uPAR group, 27 cases). PAI-i was not ex- 
pressed on podocytes in all cases. The mesangium and 
the capillary wall of the glomeruli were negative for 
uPA, uPAR, and PAI-i. 

The prevalence of tubulointerstitial fibrosis was sig- 
nificantly higher when uPAR, with or without uPA, 



Table 1. Demographic characteristics and baseline laboratory results in immunoglobulin A glomerulonephritis patients 
according to the urokinase-type plasminogen activator (uPA)-uPA receptor expression pattern on podocytes 



Parameter 


All negative 


uPAR positive 


uPA positive 


p value 


Gender, female/male 


ill 


9/18 


6 /5 




Age, yr 


33.2 ± 21.1 


36.8 ± 12.9 


34.5 ± 18.7 


0.791 


24-Hour urine protein, mg/day 


774.0 ± 757.6 


1,080.2 ± 1,966.2 


1,039.1 ± 2,038.9 


0.863 


White blood cells, x io 3 /\iL 


6,945 ± 1,928 


6,593 ± 2,260 


4,779 ± 1,498 


0.503 


Hemoglobin, g/dL 


13.1 ± 2.1 


13.4 ±1.5 


13.5 ±2.4 


0.852 


Hematocrit, % 


3O.O ± O.l 


37.9 ± 7.8 


40.3 ± 6.3 


0.634 


Urea nitrogen, mg/dL 


17.0 ± 9.0 


13.7 ± 4.2 


16.7 ± 7.0 


0.222 


Creatinine, mg/dL 


l.O ± 0.8 


1.0 ± 0.4 


1.0 ± 0.4 


0.916 


Sodium, mEq/L 


141.8 ± 2.8 


140.5 ± 7.8 


142.2 ± 2.4 


0.988 


Potassium, mEq/L 


4.3 ± 0.3 


4.3 ± 0.4 


4.2 ± 0.4 


0.963 


Uric acid, mg/dL 


6.2 ± 2.2 


5.8 ± 2.0 


6.2 ± 2.4 


0.855 


ESR, mm/hr 


21.2 ± 15.1 


20.5 ± 16.2 


21.8 ± 14.0 


0.970 


C -reactive protein, mg/L 


2.4 ±3.7 


6.8 ± 17.3 


2.2 ±3.1 


0.823 


Rheumatoid factor, IU/mL 


4.5 ± 2.2 


6.6 ±8.4 


5.5 ±2.1 


0.251 


Antistreptolysin O, IU/mL 


91.1 ± 79.8 


66.1 ±58.5 


118.6 ± 148.0 


0.279 


Immunoglobulin G, mg/dL 


89O.6 ± 229.O 


1,064.6 ±371.5 


1,052.7 ± 401.6 


0.362 


Immunoglobulin A, mg/dL 


231.4 ± 108.7 


231.4 ± 108.7 


263.6 ± 89.1 


0.157 


Immunoglobulin M, mg/dL 


122.0 ± 57.4 


129.8 ± 47.5 


122.6 ± 66.7 


0.888 


C 3 , mg/dL 


88.6 ± 21.7 


104.5 ± 21 - 1 


107.5 ±32.4 


0.090 


C 4 , mg/dL 


27.8 ± 8.5 


32.0 ± 9.3 


33.1 ± 14.1 


0.365 


ANCA (myeloperoxidase), AAU 


48.3 ±53.2 


39.3 ±37.9 


102.7 ± 86.3 


0.073 


ANCA (proteinase 3), AAU 


29.3 ± 23.4 


26.8 ±18.4 


70.4 ±38.7 


0.185 


Anti-GBM antibody, EU/mL 


4.95 ±4.24 


344 ±3-35 


4.54 ±2.64 


0.136 


PAI-i, U/mL 


28.11 ± 4.59 


21.93 ± 4-74 


36.55 ± 9.64 


0.141 


uPA, ng/mL 


0.83 ± 0.19 


0.66 ± 0.49 


1.26 ± 0.68 


0.686 



Values are presented as mean ± SD. 

uPAR, urokinase-type plasminogen activator receptor; uPA, urokinase-type plasminogen activator; ESR, erythrocyte 
sedimentation rate; ANCA, antineutrophil cytoplasmic antibody; AAU, auto -antibody unit; GBM, glomerular basement 
membrane; PAI-i, plasminogen activator inhibitor-i. 
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was negative in the podocytes (p = 0.044) (Table 2, Figs. 
1 and 2). However, this association was not observed in 
the prevalence of the mesangial hypercellularity (p = 
0.455), segmental glomerulosclerosis (p = 0.526), or en- 
docapillary hypercellularity (p = 0.842). 

In the tubules, uPA, uPAR, and PAI-i were positive 
in all cases, albeit the intensity of the reactivity was 
variable. The distal tubules and collecting duct were 
more strong reactive for uPA than the proximal tu- 
bules (Fig. 3A), while the proximal tubules were more 
strongly positive for PAI-i in all subjects (Fig. 3B). The 
intensity of uPAR expression was neither distinguish- 
able between the proximal and distal tubules nor had 
any correlation with the pathologic findings. There- 
fore, we did not attempt any statistical analysis of uPA, 
uPAR, and PAI-i expression in the tubules and collect- 



ing ducts. The interstitium was negative for uPA, 
uPAR, and PAI-i. Serum uPA and PAI-i levels showed 
no relationships with the pathologic findings, clinical 
parameters, or uPA and PAI-i staining intensities. 

DISCUSSION 

The results of this study demonstrate that the prev- 
alence of tubular atrophy/interstitial fibrosis is sig- 
nificantly lower when uPA and uPAR are expressed 
on podocytes. There are two possible explanations 
for this association. One is that the uPA or uPAR on 
the podocytes inhibits interstitial fibrosis. The other 
possibility is that the expression of uPA and/or uPAR 
on the podocytes is not the cause but rather a conse- 



Table 2. Prevalence of Oxford classification variables according to the urokinase -type plasminogen activator (uPA)-uPA 
receptor expression pattern on podocytes in immunoglobulin A glomerulonephritis patients 



Oxford classification 




Pattern of uPA appearance, % 






All negative 


uPAR positive 


uPA positive 


p value 


Mo 


41.7 


58.6 


40 


0.455 


Mi 


58.3 


41.4 


60 




Eo 


9 


20.6 


10 


0.526 


Ei 


91 


79-4 


90 




So 


58.3 


65.5 


70 


0.842 


Si 


41.7 


34-5 


30 




To 


58.3 


89.7 


90 


0.044 


T1 + T2 


41.7 


10.3 


10 





uPAR, urokinase-type plasminogen activator receptor. 




•"••r<£ V- 

Figure 1. Expression of both urokinase-type plasminogen activator (uPA) and uPA receptor (uPAR) on podocytes in the absence 
of interstitial fibrosis. Note that both uPA (A, X400) and uPAR (B, X400) are positive in the podocyte (red arrows), while (C, 
Masson's trichrome stain, X200) fibrosis in the interstitium is negligible. 
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Figure 2. Prominent interstitial fibrosis without expression of urokinase-type plasminogen activator (uPA) and uPA receptor 
(uPAR) on podocytes. Note that the fibrosis in the interstitium is prominent (A, Masson's trichrome stain, X200), while neither 
uPA (B, X400) nor uPAR (C, X400) is positive in the podocyte. 




Figure 3. Urokinase-type plasminogen activator (uPA) and uPA receptor (uPAR) in renal tubules. (A) The distal nephrotic ducts 
(black arrows) tended to be more strongly reactive for uPA than the proximal tubules (x2oo). (B) The proximal tubules (black 
arrows) tended to be more strongly positive for PAI-i than the distal nephron (red arrows) (x2oo). 



quence of interstitial fibrosis. However, in the last de- 
cade, several studies have reported evidence that renal 
uPA and uPAR attenuate the interstitial fibrosis caused 
by renal injury [10-12]. 

It is well known that uPA and uPAR form a multi- 
functional system capable of concurrently regulating 
pericellular proteolysis, cell- surface adhesion, and mi- 
togenesis [14]. In the present study, uPA presentation 
on podocytes was always accompanied by uPAR. How- 
ever, uPAR presented with or without uPA. There was 
no difference in pathology or clinical parameters be- 
tween the uPA (uPA+, uPAR+) and uPAR (uPA-, uPAR+) 
groups. Extracellular pro-uPA is known to interact 
with its plasma membrane receptor, and after activa- 



tion it triggers localized proteolysis [15,16]. Binding to 
its receptor may either render the proenzyme more 
susceptible to activation by other factors (plasmin, 
u-PA itself, or other still unidentified components of 
the system) or may directly induce activity in the sin- 
gle chain of uPA. 

PAI-i is thought to be the primary inhibitor of uPA. 
PAI-i inhibits uPA by forming a stable complex with a 
1:1 stoichiometry [17]. In addition to binding to uPA, 
PAI-i can also attach to the ECM protein vitronectin 
[18]. Binding to vitronectin allows PAI-i to modulate 
cellular adhesion and migration [19]. Receptor-bound 
two -chain uPA is protected from certain inhibitors, in 
contrast to free two-chain uPA, which is rapidly inac- 
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tivated by PA inhibitors [20]. Contrary to our expecta- 
tion, PAI-i was not expressed on podocytes. 

During the last several years, the possible roles of 
uPA in the development of glomerulopathy have 
emerged, specifically in the development of albumin- 
uria [6] and mesangial cell survival/apoptosis [7] and 
the inflammation-fibrosis process in glomeruli [8]. 
Sappino et al. [21] suggest that uPA may contribute to 
the maintenance of tubular potency by catalyzing ex- 
tracellular proteolysis to prevent or circumvent pro- 
tein precipitation. Wei et al. [22] identified serum solu- 
ble uPAR as a circulating factor that may cause focal 
segmental glomerulosclerosis. However, the source of 
the circulating uPAR and the factors regulating its 
production have not been identified. Three models of 
production, namely autocrine, paracrine, and endo- 
crine, can be distinguished according to the source of 
the ligand and the location of its receptors. In the past, 
we measured t-PA, uPA, and total fibrinolytic activity 
in blood samples from the renal artery and veins of 
kidney donors [23]. The uPA level is significantly high- 
er in the renal vein than in the renal artery, suggest- 
ing that the kidney may be an essential source of uPA 
in the systemic circulation. In the current study, there 
was no relationship between plasma levels of uPA and 
PAI-i and their staining intensity or pattern of expres- 
sion on podocytes and tubules. Further studies are re- 
quired to investigate the pathophysiological roles of 
uPA and/or uPAR entering the systemic circulation via 
the renal vein. 

In conclusion, uPA and/or uPAR expression on 
podocytes accompanies a decreased prevalence of tub- 
ulointerstitial fibrosis. This finding suggests a possi- 
ble protective effect of podocyte uPA/uPAR expression 
against interstitial fibrosis in IgA GN. 

KEY MESSAGE 

1. Urokinase-type plasminogen activator (uPA) 
and/or uPA receptor (uPAR) expression on podo- 
cytes accompanies a decreased prevalence of 
tubulointerstitial fibrosis. 

2. In immunoglobulin A glomerulonephritis, it 
suggests a possible protective effect of podocyte 
uPA/uPAR expression against interstitial fibro- 
sis. 
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